Abstract Re-operation rates in spinal stenosis surgery vary between 5 and 23%. Most previous studies have been based on selected patients groups. We analysed the 10-year lumbar spinal stenosis re-operation rate from comprehensive Swedish national data during 1987-1999. The mean length of stay decreased from 2 weeks in 1987 to 1 week in 1999. Of 9,664 patients, 628 (6.5%) were re-operated. Within 30 days after the first spinal stenosis operation, 0.15% of the parients were re-operated. The 1-, 2-, 5-, and 10-year reoperation rates were 2, 5, 8 and 11%, respectively. The rate lowered by 31% over time. Adding a fusion may lower the re-operation risk, an observation which can only be evaluated in randomised trial.
Introduction
Lumbar spinal stenosis is a common cause of low-back pain, radiating pain in the legs, decreased walking ability, and disability [16, 23, 27] .
Studies comparing conservative and surgical treatment are rare, and few of them report long-term results. Most studies favor operative over non-operative treatment [1, 2, 15] .
National data of the incidence of spinal stenosis, the subsequent development of symptoms, characteristics of the patients, and mortality have been reported [8, 14] .
The rates of re-operation after decompressive spinal stenosis surgery vary from 5 to 23% [5, 12, 13, 18] . Most previous studies of the re-operation rate of spinal stenosis surgery have been based on selected patient groups, either from different regions, hospitals, or patients belonging to certain healthcare insurance programs. National longitudinal data of the re-operation rate have rarely been reported [14] .
The aim of the current study is to report the 10-year lumbar spinal stenosis re-operation rate, based on comprehensive national data from Sweden during the years 1987-1999.
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Patients
We used the same selection criteria as in a previous study [14] . Briefly, all patients discharged from hospital care from the year 1987 through to December 1999 and operated on for spinal stenosis were retrieved from the National Inpatient Registry by procedure codes. Since these procedure codes were applicable for several conditions, only patients having a primary diagnosis of thoracic or lumbar spinal stenosis were included. We further categorised these discharges according to the complexity of the procedure. Fusion surgery with or without instrumentation was characterised as complex and procedures without fusion surgery as non-complex. This left a study base with 11,283 operations on 10,494 patients.
In order to minimise the risk that the index operation was actually a re-operation of an index operation performed before 1987, only operations from January 1, 1989 through to December 31, 1999 were included. This secondary analysis left 9,664 (86%) of the patients who had undergone surgery for spinal stenosis. The risk of a re-operation was calculated, considering age, gender, type of surgery, time period, and length of stay (LOS). The LOS was calculated from the day of admission to the day of discharge, and categorised by quartiles into four different groups 0-3, 4-7, 8-14, and >14 days, respectively. The calendar year of discharge was categorised into three different time periods, 1989-1991, 1992-1995, and 1996-1999 .
Data analysis and statistics
Descriptive analyses of patients characteristics, considering age, gender, discharge diagnoses, LOS, and time period was performed.
Absolute risks of re-operation were assessed using the Kaplan-Meier estimator. Cox-regression was performed for the multivariable analysis of time to a first re-operation. The variables included in these models, and their categorisations, are displayed in Table 2 . Results are presented as hazard ratios with 95% confidence intervals and likelihood ratio tests for the overall significance for each of the variables included in the model are given. All analyses were performed using the Statistical Analysis (SAS) package system [24] .
Results
The study cohort consisted of 9,664 patients; among these, 628 (6.5%) were re-operated. The patients were followed cumulatively for 40,078 years, with a median 3.76 years (QR1.71-6.24).
Decompression surgery (laminectomy) was performed in 89% of the patients, and decompression with additional fusion in the remaining 11% ( Table 1 ). The mean age at surgery was 64 years. The mean LOS after spinal stenosis surgery decreased from almost 2 weeks in 1989 to 1 week in 1999 (Fig. 1) . Within 30 days after the first spinal stenosis operation, 14 patients (0.15%) were re-operated. The 1-, 2-, 5-, and 10-year re-operation rates were 2, 5, 8, and 11%, respectively (Fig. 2) . The risk of being re-operated was higher among women although not significantly (Table 2) . Age brought a decreased risk but only among patients older than 80 years of age. The risk was slightly although not significantly lower after a high complexity operation (fusion with or without instrumentation). The risk of reoperation lowered significantly during each time period, and was 31% lower at the end of the study period.
The risk seemed to vary with the LOS of the index operation. A short stay of less than 3 days brought a higher risk of being re-operated. This risk was only found in the patients who were re-operated on within 30 days.
Discussion
This Swedish national study shows that patients having undergone surgery for spinal stenosis have a risk of being re-operated after 1-, 2-, 5-, and 10-years of 2, 5, 8, and 11%, respectively. Our study is the largest population-based analysis on repeated spinal stenosis surgery. The study design has the advantage of including all patients discharged after spinal stenosis surgery in Sweden during a period of 13 years. It also enables a complete follow-up of reoperations, even after the patients were discharged from hospital. We based our analysis on a national database, and register studies have several advantages, notably virtually complete coverage and unbiased prospective collection of data.
Re-operation rates for decompressive laminectomy have been reported to vary from 5 to 23% [5, 12, 13, 18] . We found an 11% re-operation rate after 10 years compared with a US study by Katz et al. [18] that presented a 23% re-operation rate 8 years after surgery. This high rate may be due to different indications for surgery or that the operations were performed with other techniques. The patients in the Katz et al. cohort were operated on during 1983-1986, compared with our study period of 1987-1999. During the same period as the study by Katz and co-workers, Caputy and Luessenhop [5] also reported a comparable high re-operation rate of 18% after 5 years. In a cohort from 1991 to 1992, Hanraj et al. [12] found only 5% re-operations after 5 years.
During our study period, the re-operation rate decreased by almost a third. This may be due to several factors. The knowledge about the etiology of spinal stenosis disease has been more or less established, which may have influenced the indications for surgery [20, 25] . Awareness has increased about the different mechanisms behind persistent radicular pain, i.e., neuropathic pain [21, 22] . A third factor is improved diagnostic tools; i.e., CT and also MRI [19] . MRI especially is today a more accurate way to detect and visualise postoperative scar tissues, which in turn has become a more questionable indication for a re-operation [17] . Last but not least in the development of improved standardised operative techniques may have an impact on the re-operation rates [3, 4] .
In our study, 11% of the patients had a fusion added to the decompression surgery, and there was a tendency towards a lower risk of being re-operated on if the patient had undergone fusions. This may be compared with a Swedish hospital-based case series of 96 patients operated on for spinal stenosis surgery [6] . A high proportion, 61% had undergone fusion surgery. Among patients with instrumental fusions, 25 patients had undergone a re-operation to remove the osteosynthes material. The indication for removing the hardware was, however, not mentioned, but the clinical outcome in patients who were operated on by fusion and those who were operated but not fused did not differ statistically significantly.
Previous studies have reported that fusion operations have more complications than non-fusion operations [8, 26] . In our study an added fusion seemed to lower the risk of a re-operation. We could not ascertain the reason for fusions in the study, and therefore this finding must be interpreted with caution. A few controlled prospective randomised trials comparing fusion to non-fusion operations have been performed [9] [10] [11] . However, longterm analyses of the differences in re-operation rates are still lacking.
There was a tendency for women to have more reoperations. The same has also been noticed for disc herniation surgery [7] . The reasons are not known. The LOS after spinal stenosis surgery decreased from 2 weeks in 1987 to 1 week in 1999. Atraumatic surgery and improved perioperative care, more effective hospital routines, together with a decreased number of hospital beds may explain this.
We defined a re-operation as a new operation for spinal stenosis not considering the exact level of the spinal stenosis. The level of the encroachment in the spinal vertebrae could not be extracted from the inpatient register, which is a limitation in our study. Another limitation in our study is that we could not assume that all operations performed after 1987 were first-time operations. In order to minimise the risk that the assumed first operation was actually a re-operation of a first operation, we did not include the first two years (1987) (1988) (1989) available in the data base. By doing this, the risk of misclassification of first operations is reduced, because the majority of re-operations appear early (5% in 2 years in our study). Still there could be a few patients who were operated on before 1987, who we actually defined as first time operations during 1989-1999.
Our results of the re-operation rate in the current study are on a group level (all spinal stenosis patients). However, in clinical decision making one has only the individual patient to consider. Thus, results of the reported re-operation rates should be put in the current patient's perspective with respect to present individual factors.
We have no data of health-related quality of life. Instruments like SF-36 and Euroqol (EQ5D) measure the quality of life. These are, however, now prospectively collected in The Swedish National Register for Lumbar Spine Surgery and will be possible to study in the future [26] .
Conclusion
Our Swedish national-based study shows that one out of ten spinal stenosis patients will be re-operated after 10 years. The re-operation rate lowered over time and was almost one-third lower at the end of the study. Adding a fusion may lower the re-operation risk, an observation which can only be evaluated in randomised trial.
